Aquaculture currently share for nearly half of the world's food fish consumption, and continue to be the fastest-growing animal food producing sector. The viability of aquaculture operation has greatly been affected by the characteristic of marine environment. Inventory and monitoring of marine environment are necessary and can be done through information technology implementation. Frequent monitoring of water temperature, for almost one year observation, at four aquaculture sites in Pegametan Bay and Research and Development Institute for Mariculture was investigated. Water temperature data were obtained by using logger and buoy systems. These data were contrasted against marine fish mortality. On the other hand, the suitability of species requirements with the thermal conditions was evaluated by comparing temperature range to the optimum and lethal temperature information available on marine fish species of aquaculture interest. This research could be beneficial for enhancing productivity of marine aquaculture operation in terms of possible impact of climate change. It was also possible to find the ideal temperature range for culturing fish species, taking into account the variability associated with large-scale phenomena.
INTRODUCTION
Aquaculture continues to be the fastestgrowing animal food producing sector and currently accounts for 45.6% of the world's food fish consumption (FAO Fisheries and Aquaculture Department, 2011) . In addition as sources of aquatic food production, aquaculture has a great potential for poverty alleviation and wealth generation for the people living in coastal area. The rapid growth of aquaculture in recent years has been consistent across sub-sectors. Aquaculture sector encompasses very small scale to very large-scale enterprises, implying that aquaculture can contribute significantly to a wide range of development needs (GESAMP, 2001) . Despite the rapid growth trend, aquaculture development continues to be hindered by number of constraints such as limited suitable site, concerns regarding impact on environment and multi-use conflicts (socio-economic). Improper aquaculture development may result in high discounting rate on the use of natural resources due to exploitation beyond carrying capacity. It has been suggested that the environmental impacts of aquaculture could be minimized or negated by the adoption of appropriate environmental safeguards, including regulatory, control, and monitoring procedures (GESAMP, 1996 (GESAMP, , 2001 .
Mariculture is an important component of aquaculture production in Indonesia. According to the Ministry of Marine Affair and Fisheries (MMAF) (KKP, 2011) , potential mariculture area in Indonesia is very large, reaching 12.5 million ha, but the utilization of this area is only 118 thousand ha (< 1%). This fact shows that mariculture area is still available for further development which needs proper strategic planning and management to ensure sustainable and environmentally sound for mariculture development in Indonesia. Recently, mariculture development in Indonesia has been accelerated with the MMAF national development plan, emphazising on increasing mariculture production for export, and domestic consumption as well as improving the income of coastal communities.
The success of marine aquaculture is fundamentally influenced by the complexity of aquatic environments ecology, which is becoming very important with the possible impact of global warming (IPCC, 2007) . Mariculture development sites are generally located in highly vulnerable area to the effects of global warming. Coastal areas which are widely used for marine aquaculture activities, experiencing drastic changes in water temperature, receiving run off from the rivers, and polluted by human activities (anthropogenic), thus affecting the productivity level of the marine aquaculture (Callaway et al., 2012) .
The viability of aquaculture operations has greatly been affected by the characteristic of marine environment. Inventory and monitoring of marine environment are necessary and can be done through analyzing either field measurement data or remotely sensed data. Water temperature is one important parameter that can affect fish growth performance. On the other hand, water temperature can also be used as indicator of possible impact of climate change on cultured species. Sea surface temperature has indicated increasing trend over 100 years of about 0.3 o C-0.6 o C (Cane et al., 1997) . This situation may be as a result of human activity (anthropogenic), part of the natural climate change, or a combination of both aspects. Water temperature change could cause a growing number of diseases in farmed fish, both caused by viruses or bacteria. According to De Silva & Soto (2009) , an increase in sea water temperature in tropical regions might have a positive impact. In some cases, the increasing of sea temperatures could enhance growth performance and its productivity. However, the ranges of water temperature are expected to remain within the maximum range for cultivated species.
Pegametan Bay at the northern coast of Bali is a potential area for marine aquaculture development with a variety of potential species such as grouper, seabass, snapper, and milkfish. Hatchery system is performed well on land around the coastal area. This hatchery consists of complete system and small scale (household) system. In addition to marine fish cages are also developed well around the bay. Currently, the production of marine fish in this area is declining caused by fish disease and environmental change (water quality condition). The objective of this study was to observe the time series of sea water temperature in Pegametan Bay, Bali and to analyze the possible connection of sea water temperature to fish performance to determine the most suitable sea water temperature required for mariculture in Pegametan Bay, Bali.
MATERIAL AND METHOD
The study area located in Pegametan Bay and Gondol Research and Development Institute for Mariculture (GRDIM), northern part of Bali Island (Figure 1 ). Pegametan Bay is a potential area for mariculture development mainly for marine fish cage aquaculture. Fish species cultured in that area are seabass, grouper, and snapper. The cultured commodities are mainly based on high economically values (good price and widely accepted market). To support the productivity of marine aquaculture in the study area, monitoring water quality, especially sea water temperature is required.
Data collected in this study include field data and secondary data. Two digital HOBO loggers (ONSET HOBO® Water Temp Pro v2 U22-001) for sea water temperature was deIndonesian Aquaculture Journal Vol. 9 No. 2, 2014 ployed for at least one year in 2012 at two stations: center of the bay (station 1) and GRDIM (station 4) ( Figure 1 ). In addition, one real time buoy for sea water temperature was also deployed outside the bay (station 3) with depth stratifications of 1, 5, and 10 m (Wada et al., 2013) . All sensors were programmed to record sea water temperature at one hour intervals. Water temperature data containing 24-hour and 12-hour periodic components, then the periodic components were removed and converted into a 24-hour moving average to find trends in water temperature change.
Number of fish mortality data were collected from one selected marine fish cage culture (station 2) in Pegametan Bay (Figure 1 ). Data were recorded daily from late February to December 2012. Satellite imagery of sea surface temperature (SST) from MODIS-Aqua sensor was used as secondary data in this study. Monthly level 3 GAC (global area coverage) data with 4 km resolution were obtained from DAAC/ GSFC/NASA from January to December 2012 (Savtchenko et al., 2004) . Each image was georeferenced based on the WGS 84UTM zone 50 South coordinate system. All water temperature recorded from the sensors and number of fish died were analyzed descriptively by drawing some graph in order to observe the seasonal trend among the data collection. We also computed moving average for all entire period of data. Finally to determine potential site having suitable water temperature for culturing fish species, frequent monitoring of water temperature data were plotted in terms of frequency and temperature ranges.
RESULTS AND DISCUSSION
There is a close relationship between prevailing environmental conditions and the success of aquaculture production. This is largely because the health condition of fish is heavily dependent on environmental conditions, such as temperature, salinity, pH, and dissolved oxygen (Stickney, 2009 ). The frequent monitoring of water temperature and number of fish died in the study area are presented in Figure  2 . Analysis of frequent monitoring of water temperature showed seasonal variability. Water temperature was higher in December 2012 and lower in March 2012 (Figure 2A, B) . High variations of water temperature were observed in Pegametan Bay station (Figure 2A ) compare to RDIM station ( Figure 2B ). This variation might be caused by the placement of the logger sensors. Water temperature sensor in Pegametan Bay was deployed around the marine fish cage culture (open water), while in GRDIM, the sensor was deployed in inlet (closed system).
The highest water temperature (31. Data on the number of fish died from one representative cage culture in Pegametan Bay is shown in Figure 2C . This figure indicated that the peak mortality of cultured fish occurred in May-June and November-December. It was clearly indicated that sudden temperature increase/decrease can affect maximum rate of fish mortality due to stress. Changes in water temperature could have affected fish performances such as stress (direct effect) and disease occurance (indirect effect) (De Silva & Soto, 2009 ). According to local fishermen, fish mortality occured in the study area mainly caused by fish desease. Albert & Ransangan (2013) stated that stressful or sick fish will experience severe mortality when held in unfavorable conditions such as at high water temperature than in ideal water conditions. Stress in fish is often caused by high stocking density, handling, transportation and poor water quality. The fish has an optimum temperature range in order to grow well. Water that either warmer or colder than optimum ranges led to reduced growth. Intolerance towards water temperature change can cause disease or deaths occurrences.
In an intensive fish culture systems such as marine fish cage, fish are continuously exposed to variety of stressors. One of the factors that can cause stress to cultured fish is the water temperature changes. Changes in water temperature that follows the seasonal fluctuations is less risky for cultured fish. This is because the fish has the adaptability to the change of environmental conditions. This adaptability, generally refers to the reaction of fish towards the physical, physiological or chemical changes (Albert & Ransangan, 2013) .
Although the fishes could adapt to the environmental change, but they are constrained by the range of temperatures available in the environment. Increasing water temperatures can affect individual fish by altering physiological functions such as thermal tolerance, growth, metabolism, food consumption, reproductive success, and the ability to maintain internal homeostasis in the face of a variable external environment (Ficke et al., 2007) .
Results of interviews with fish farmers and researchers in GRDIM stated that in May-July fish mortality frequently occurred due to the intrusion of cold water masses from Indian Ocean to the bay. This phenomenon was very clearly seen by using SST satellite imagery from MODIS Aqua sensor (Figure 3 ). This condition occurs repeatedly every year. Even in 2013 a change in water temperature has resulted in high abundance of jellyfish in Pegametan Bay (personal communication with Tatam Sutarmat).
The rate of temperature change affects the physiology and survival of cultured fish. In Figure 4, the stratify water temperature and difference of temperature in certain depth is plotted. The use of stratification water temperature sensor was intended to give in more detail about the variation of water temperature at different depth in Pegametan Bay. Water temSea surface temperature No data
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Frequent monitoring of water temperature in Pegametan Bay ... (I Nyoman Radiarta) perature was fluctuated at different depth (Figure 4A). The temperature at the surface (1 m depth) was generally warmer than the temperature at the bottom (5 m and 10 m). From October to December, water temperature intended to increase. The different of temperature between 1 m to 5 m depth is shown in Figure 4B . These different water temperatures are important because in general marine fish are cultured in cages at maximum depth of 3-4m. High fluctuation of water temperature can cause fish death ( Figure 4C ).
When exposed to temperatures within the sublethal range, fishes can still be affected, positively or negatively, by the environmen- Journal Vol. 9 No. 2, 2014 tal temperature. Temperature tolerance ranges are species-specific and include both stenothermal (narrow thermal range) species and eurythermal (wide tolerance range) (Ficke et al., 2007) . Within this temperature tolerance, fish has resilience capability which is an aquatic organism's ability to recover from the changes while maintaining the processes that occur in the body, so the physiological processes in the body can take place smoothly without any interruption means.
Each fish species has different preference of optimum temperature range. Those range is generally within a few degrees. To determine the potential site having suitable water temperature to culture fish species, it is necessary to examine the ranges of water temperature in the study area. The frequency distribution of water temperature at Pegametan Bay and GRDIM, together with optimum temperature for growth of several species is presented in Figure 5 . The frequency distribution indicated that Pegametan Bay was a suitable place for seabass, milkfish, and grouper aquaculture. Their optimum ranges of water temperature for growth agreed with the maximum frequency of the temperature recorded there. Although the ranges of temperature indicated suitability, the fluctuation of water temperature in the study area needed more attention especially during May-July every year.
In this study, we analyzed a short time series of the frequent monitoring of water temperature relating it with marine fish mortality and suitability range of water temperature. To have more detail connection between water temperature and fish performance, long term data are required together with availability of fish performance (growth and mortality) data.
Nearly all aquatic animals are classified as poikilotherm. Therefore, the metabolism is strongly influenced by local environmental conditions, especially water temperature. Moderate increase of temperature will result in growth and feed conversion to correct limits for each species of fish (Buentello et al., 2000) . Marine fish species are also strongly influenced by temperature. Changes in water temperature also have an impact on the time and the successful migration, spawning, and the abundance of fish species. It will directly affect the level of productivity of coastal and marine environment (Walther et al., 2002; Beukema & Dekker, 2005; Harley et al., 2006) .
Water temperature changes will also be followed by other character changes, such as changes in sea level, which will be followed by changes in the composition and type of feed (Harley et al., 2006) . Changes in the character of spawning and reproduction affect growth and maturity of gonads. Spawning time is strongly related to temperature, salinity, current velocity, and biological factors such as the abundance of natural food that will provide safety larvae. Temperature has been proven to affect mature age, as occurs in Atlantic salmon (Salmosalar) (Jonsson & Jonsson, 2004) . Direct effects of climate change to marine fish condition can be seen in the occurrence of El Niño with a high intensity in 1997-1998. The impact of the El Niño and La Niña has clearly affected scallop cultivation in Hokkaido (Baba et al., 2009) . El Niño events affect the low availability of scallop spat, while the presence of La Niña resulted in slow growth of scallops. Both of these climate phenomena have obviously affect reproduction and growth of scallops cultivated in Hokkaido, Japan.
CONCLUSIONS
Temperature should be monitored routinely due to temperature change. The present studies indicated that water temperature frequently fluctuated in Pegametan Bay, Bali, with maximum water temperature occurs in December and minimum water temperature occurs in March. The range of water temperatures in the study areas is still suitable for mostly marine fish species cultured in that area. Frequent monitoring of water temperature demonstrated in this study was an example how fluctuated water temperature can effect fish mortality.
